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• MAPP: Miniaturized Antennas for Planetary mission Probes

• Background:

June 2003: Beagle 2  was launched in the Mars Express Mission. It was transported and

successfully released on December 19th 2003 by the orbiter. No signal was received. One of the recommendations 

from the Commission of Inquiry concluded that future planetary entry missions 

The Exomars 2016: first mission that included an Entry, Descent & Landing Demonstrator (EDL-demo) module 

and an Orbiter module to provide data relay functions. UHF-Band system for proximity link. The communication 

link using conventional omnidirectional showed some limitations. Wrap-around conformal antennas are considered 

a very good alternative.

Phoenix lander UHF wraparound conformal antennas have been successfully used on the during EDL.

• Objective: The objective of the activity was to develop a miniaturized conformal antenna for Entry, Descent and

Landing phases of planetary mission probes, compliant with the technical requirements.

• Benefits: General requirements and design trade-offs have been identified for these type of mission and antennas.

Early design has demonstrated some capabilities (miniaturization of radiating elements, power handling, double

polarization, etc.)

https://www.group.sener/
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AD# Title SENER Code Client Code

[AD 01]

ESA Contract No. 4000133224/20/NL/AS “Miniaturised Antennas for 

Planetary Mission Probes”

ESA Contract No. 

4000133224/20/NL/AS

[AD 02]

Statement of Work ESA Express Procurement Plus - EXPRO+

Miniaturised Antennas for Planetary Mission Probes

AO10259-ws00pe_SOW

[AD 03]
MAPP detailed requirements document MAPP-AN-0032-SEN

[AD 04]
Breadboard test report for MAPP antenna MAPP-TR-0033-SEN

[AD 05]
Electrical & worst-case analysis for MAPP antenna MAPP-AN-0035-SEN

[AD 06]
MAPP EM Antenna test report MAPP-TR-0014-SEN

[AD 07]
Test plan for MAPP antenna MAPP-PL-0039-SEN

[AD 08]
MAPP antenna development plan MAPP-PL-0014-SEN

[AD 09]
MAPP Breadboard description and analysis MAPP-AN-0031-SEN

[AD 10]
MAPP Breadboard test plan MAPP-PL-0012-SEN

[AD 11]
MAPP antenna thermal analysis MAPP-AN-0005-SEN

[AD 12]
MAPP antenna mechanical analysis MAPP-AN-0004-SEN
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• A detailed discussion and analysis at mission and system level was performed to define the requirements 

at several levels:

- Physical

- Structural 

- Thermal

- Radiation

- Power 

- EMC

- Verification 

- RF

Requirement Value

Frequency UHF 400 MHz

Bandwidth 390 MHz to 413 MHz

Gain

Max. pointing between 

|30º| < θ < |70º|: > 3 dBi

FOV Gain -> -3 dB

Polarisation Dual Circular

Crosspolar Level 
-15 dB FoV

FoV
Template defined between |10º| and 

|95º|

VSWR 1.4:1

Power Handling 55 W

Multipaction Analysis 

Margin
12 dB

Corona Analysis Margin 12dB

https://www.group.sener/
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1. Multi stacked PIFA antenna, concept A

Double polarization

Better performance

High complexity (feeding network)

Narrower bandwidth

2: Spiral antenna concept B

Larger bandwidth

Single polarization

Higher complexity (feeding network + balum)

Higher mass

Worse performance

A B
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Test results expected by analysis

Crosspolar (axial ratio) axial ratio and a

slight asymmetry of the radiation pattern.

- Compatible with a defective connection

The BB measurements confirmed the

suitability of the antenna simulations

https://www.group.sener/
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1) Radiating element performance
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2) Feeding network

• Stripline technology (Nelco NX9255)

• Single layer

• Dual polarization
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3) Antenna assembly performance
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4) Conformal array performance

A single antenna might outperform the conformal 

array in certain circumstances
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The unit has been designed to be compliant with the

following environmental requirements:

• Modal Analysis

• Quasi-static loads

• Sinusoidal vibration

• Random Vibration

• Shock level

• Depressurization

• Thermal loads

• Thermo-elastic loads

https://www.group.sener/
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• This antenna is an EM model: BB S/N 001. All the test has been performed in SENER facilities, following

the applicable test procedures and test plan.

• Additional Thermal Test (2 additional cycles). 
• Additional Corona step Test.

https://www.group.sener/


19TÍTULO DE LA PRESENTACIÓN /© SENER AEROESPACIAL, S.A.
MAPP-DP-0044-SEN.1

MAPP
Summary of Test Results

FINAL PRESENTATION

RF test

https://www.group.sener/


20TÍTULO DE LA PRESENTACIÓN /© SENER AEROESPACIAL, S.A.
MAPP-DP-0044-SEN.1

MAPP
Summary of Test Results

FINAL PRESENTATION

Radiation test. Final test
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Radiation test. Final test
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Corona Test
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The vibration test has been successfully fulfilled.

-Variation in post-vibration RL and isolation (changes in the contact points)

Thermal test, RF parameters suffered variation.

-Agreed with ESA: additional thermal cycles showed stability

Corona breakdown test.

-Results correlated with the analysis 

RF tests: results similar to analysis.

-Some deviation observed at low frequencies

https://www.group.sener/
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In the frame of MAPP program, Breadboard and EM Antenna have been designed,

manufactured, and tested, following the specific SOW

The EM has successfully evaluated the antenna concept.

• Dual circular polarization,

• Beam pointing

• Power handling (also under reentry scenarios)

• Miniaturization of the radiating element

Main challenges:

• Trade-off between mass, size and performance

• Non-broadside pointing requirements.

https://www.group.sener/
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1) The number of radiating elements on a conformal array shall be preliminary well studied given

the geometry of the vehicle.

• Conformal array of sub-arrays with tilted diagrams

• Conformal array of individual antennas

• Single sub-array at one side of the antenna

2) Future developments shall be specified by mission, reducing the complexity and mass of a

general-purpose antenna.

- Bandwidth - Gain pattern - Coverage

- Polarization - Power

3) The RF design shall thus continue based on the already evaluated technology.
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